Postprandial changes in the electrocardiogram are generally considered to be slight and not subject to misinterpretation. Four patients are presented in whom a diagnosis of coronary artery disease had been made because of flattening or inversion of the T waves in the bipolar or lateral V leads. The changes in T waves were temporary and could be produced by a high-carbohydrate meal. In addition, T-wave changes after a similar meal were studied in 85 normal young adults and 47 patients.
OBSERVATIONS ON ORIGINAL PATIENTS IN four patients, two of them physicians, a diagnosis of coronary artery disease had been made, largely on the basis of occasional flattening or inversion of T waves in the bipolar or lateral V leads (V4, V5 and V6) . Coexisting chest pain, supposedly anginal, was present in two of these patients, and it was shown to be of noncardiac origin. It was found that the changes in the electrocardiogram could be induced at will by a highcarbohydrate meal and prevented by simultaneous administration of potassium chloride with the meal. Exercise did not lower the T waves in the same leads.
Changes in the electrocardiogram following meals have been described previously.1' 2 These are generally considered to be slight and not subject to misinterpretation. It is known that changes following 100 Gm. of oral glucose are similar.3 However, it is not generally appreciated that inversion of the T wave in any V lead or in leads II and III may be physiologic. For this reason, it was decided to report these patients. which proved to be sighing respiration when emotionally disturbed. At age 17 he had had an attack of acute rheumatic fever. However, he subsequently developed no cardiovascular symptoms and had passed many examinations for life insurance, always being told that his blood pressure was normal. His weight had been stable at 220 pounds for many years. Physical examination revealed a robust, slightly overweight male. The resting blood pressure was 155/90. Examination of the heart revealed no enlargement, a regular rhythm, the second aortic sound equal to the second pulmonic sound, and a grade 1, soft, blowing, pulmonic systolic murmur.
Cardiac fluoroscopy was normal. The initial electrocardiogram showed low to flat T waves in leads I, II, aVL, aVF, V5 and V6. Extremely vigorous exercise for three minutes produced no significant change in the record and did not induce chest pain. Within 40 minutes after taking 100 Gm. of glucose while fasting, the T waves in leads II, III and V6 became negative and slightly coved ( fig. 1 ).
Patient R. P. This 34 year old physician was concerned about chest pain accompanied by electrocardiographic changes which had previously been interpreted as indicating coronary artery disease. Three years ago he began to have intermittent attacks of a sense of constriction and tightness around the costal margins with associated anorexia and nausea. These were not severe, sometimes lasted an entire day, and were not influenced by exertion. They were more frequent when he was emotionally upset, and usually came on several hours after a meal. The serum amylase was not elevated during these episodes. An oral cholecystogram revealed normal gallbladder function. An upper gastrointestinal series showed evidence of duodenitis and regurgitation of barium into the common bile duct.
About two years previously he suddenly had a severe, stabbing pain over the precordium while driving an automobile. The pain persisted for 10 minutes and was accompanied by weakness and perspiration. He was admitted to a hospital where Circulation, Volume X, December, 1954 , and V6 (W.K. and A.S.). Flattening of the T wave occurred in leads I (A.S.) and II (R.P.). a diagnosis of suspected myocardial infarction was made on the basis of T-wave changes, although no fever, leukocytosis or increase in sedimentation rate occurred. After discharge he continued to have tightness around the costal margins, as well as vague aching sensations beneath the precordium and left scapula. Past history revealed the presence of labile hypertension, maximal 180/100, since age 19. In 1948, he had a brief episode of paroxysmal auricular fibrillation, followed by occasional premature beats.
On physical examination the patient appeared healthy. The blood pressure was 150/88. The heart was not enlarged. There was a grade 1 pulmonic systolic murmur which was considered physiologic.
Cardiac fluoroscopy revealed no abnormalities. The resting electrocardiogram was within normal limits. Strenuous exercise produced no pain in the chest or abdomen and did not significantly alter the electrocardiogram. On three separate occasions following a high-carbohydrate meal, the T waves became markedly flattened in leads I, II, aVL, V5 and V6 ( fig. 1 ). The administration of intravenous insulin produced a similar effect. These changes were identical with those which had previously been interpreted as indicating coronary arteriosclerosis. They did not occur when 3 Gm. of potassium chloride were taken with the high-carbohydrate meal.
Patient A. H. G. This 46 year old physician complained of chest pain, faintness and premature beats of three years duration. He actually had three varieties of pain, none of which was related to exertion or relieved by nitroglycerin. One was a bilateral, parasternal ache with tenderness on pressure, lasting 30 minutes or longer. A second ache was felt in the medial aspect of the left upper arm, extending down into the forearm, involving areas supplied by the radial and ulnar nerves. It recurred at short intervals, lasted only two or three minutes, and was associated only with motion of the left arm. The third pain was periapical and was felt coincidentally with extrasystoles, after which occurred a fleeting feeling of faintness and weakness lasting several minutes. Numerous previous electrocardiograms had shown variations in T waves from completely normal to flattened or inverted waves in several leads. Eating had appeared at times to cause lowering of the T waves and at other times to cause increased voltage.
Physical examination revealed a tender area in the left anterior chest wall. Pressure over this area reproduced his parasternal pain. There were no other positive findings. Films of the cervical and dorsal spine showed moderate osteoarthritis. Extremely vigorous exercise produced no chest pain or significant electrocardiographic change.
Forty-five minutes after a high-carbohydrate meal maximal T-wave inversion of 1.5 mm. occurred in lead V4, with a return to the previous height of 1 mm. upright in 45 more minutes ( fig. 1 ). This change was not observed after high protein meals with or without added potassium. There was no significant electrocardiographic effect of changes in position or respiration. Hyperventilation produced slightly lowered T waves in all leads without inversion.
Patient W. T. K. This 39 year old businessman was referred because of five attacks of chest pain and fainting, occurring between 1950 and 1952. Two attacks occurred just prior to supper, two just prior to breakfast, and one in the midmorning. All of the attacks occurred when the patient was either hurried or emotionally upset, and four occurred either during or within 30 minutes following severe exertion. Each attack began with weakness and dizziness, slight trembling of the hands, and deep breathing, followed by a rather severe pressing pain in the left parasternal area with radiation into the left shoulder and arm. Nitroglycerin had failed to relieve the chest pain; he had been given either a sedative or an opiate following each attack. Following the first attack he was admitted to the hospital, where an electrocardiogram revealed notched T waves in V3 and an isoelectric T in lead III, without subsequent change. Thirteen years before, he had an episode of chills, fever and weight loss, which subsided spontaneously, only to occur again one year later. Between the episodes of fever, he developed a bullous eruption around the eyes and lower part of the face following a sunburn. A diagnosis of discoid lupus erythematosus was made. A mild anemia was also found at that time, which responded to iron therapy and has not recurred. The 844 tl 11 skin lesions have been treated with b)ismuth, goldl salts and Atabrine, the latter two having maintained a satisfactory remission during the past year.
Physical examination revealed a robust male with the yellow skin discoloration characteristic of Atabrine. The blood pressure was 120/70. Slight redness and scaling were noted over the butterfly area of the face. The heart was not enlarged and there were no murmurs.
The initial electrocardiograms revealedl T waves of low amplitude in all leads. Extremely vigorous exercise terminated byr aweakness in the legs and ,dizziness produced no chest pain and did not significantly alter the electrocardiogram. Following 100 Cm. of sucrose orally, the T waves began to decrease in amplitude within 15 minutes, and within 45 minutes, the T wave was inverted in leads I, V5 and V6 ( fig. 1 ). The patient w-as then given 6 Gm. 'of potassium chloride orally, and one hour later, the tracing appeared similar to the control. A second oral dose of sucrose and potassium together w-as not followed by any change. Hypoglycemia produced by insulin changed the electrocardiogram in the same fashion as did oral sucrose. The electrocardiographic effects of change in position, respiration and distention of both the stomach and colon with air were minimal.
Comment
Two patients had borderline hypertension which may have been responsible for the initially low T waves. Three showed inversion ,of T waves in lateral V leads after high-carbohydrate meals, and this could be prevented by potassium chloride (fig. 1 ). Insulin had the same effect as carbohydrate (table 1). It is of interest that exercise did not lower the T waves in these patients.
The ease with which these electrocardiograms may be interpreted as indicating coronary artery disease is quite evident. The group was too small for conclusions to be drawn concerning changes in vectors.
Studies on plasma potassium were done in one case (R.P.). His level fell from 4.1 to 3.6 mEq. per liter two hours after a high-earbohydrate meal. His plasma potassium dropped from 3.9 to 3.6 mEq. per liter even after the addition of 3 Gm. of potassium chloride to the meal. In the latter case, there were no changes in the electrocardiogram.
OBSERVATIONS ON CONTROL SUBJECTS
To obtain more information concerning the frequency and mechanism of T-wave changes after high-carbohydrate intake, 83 normal adults and 47 patients (nine with arteriosclerotic heart disease) were studied. Frontal and spatial v-ector angles were measured, as were ventricular gradients. In a few cases, plasma potassium and glucose levels were determined.
Procedure After a fast of at least four hours' duration, a control electrocardiogram was taken with the patient in the recumbent position. The positions of the V leads were indicated on the skin with a grease pencil, so that the same positions were used before and after the test. The subject then swallowed 100 Gm. of glucose dissolved in a glass of tap water. A second electrocardiogram was taken 45 minutes later. The subject remained in the recumbent position for three minutes before either tracing was recorded. A Sanborn Cardiette was employed.
Plasma Potassium and Glucose Determination.
Venous blood was drawn into a heparinized syringe and then transferred to a centrifuge tube. After centrifugation, the supernatant plasma was drawn off and refrigerated. A Somogyi filtrate was prepared the same day. The glucose was determined in duplicate by the standard ferricyanide titration procedure of Hagedorn and Jensen.4 For the determination of potassium, a 1 :11 dilution of plasma with distilled water was prepared in duplicate. The concentration was measured with a Beckman flame photometer, using acetylene and oxygen. The working standards were distilled water solutions of potassium chloride which also contained sodium chloride (13 mEq. per liter).
Measurement of Vectors. The triaxial reference system was employed. Maximal deflections in any two of leads I, II and III were used to obtain frontal QRS and T vectors. Areas are better indicators of vector magnitudes than are deflections. However, the method was thought to be sufficiently accurate for our purposes. We were not concerned with the accuracy of the initial vectors, but rather with detecting the change after glucose. Ventricular gradients were obtained by measuring the resultant of the QRS and T vectors in the frontal triaxial system. The twin-cylinder apparatus described by Urschel and Abbey was used for visualization and measurement of the spatial vector angles.5 The method was modified. It was observed that once the frontal vectors were set up, it was possible for the observer to tilt the apparatus so that only the disk edges were seen, while the disk surfaces were out of sight. With the aid of a protractor, the angle formed by the disks was then measured.
It is realized that the cylinder is not equally appropriate for all chests. Furthermore, in many cases no isoelectric or inverted T waves occurred in the V leads. The position of the transition zone was then estimated from the relative heights of the T waves in Vs and V6. This procedure may cause considerable error in the original positioning of the T disk. Again, there was much less error in measuring the change in the position of this disk.
Results in Healthy Young Adults
Changes in the Electrocardiogram. No change or a very slight change occurred in 30 of the 85 subjects. In the others, the following changes were observed: (1) T-wave depression occurred in leads II and III and in the V leads. Inver-sion of T waves was noted in one case in which spatial vector angles increased on only two of four tests. (2) U waves appeared or increased.
(3) Premature contractions appeared or increased in three subjects, none of whom displayed significant changes in vectors.
Changes in Frontal Vector Angles. Nineteen subjects showed a change of their frontal vector angle greater than 15 degrees. A change of 15 degrees or less is within the error of the method.
Of these 19, four had an increase in spatial vector angle of more than 20 degrees. There was no consistent trend. Changes in Spatial Vector Angles. Seven subjects showed a change in spatial vector angle beyond 20 degrees. A change of 20 degrees or less is within the experimental error. It is interesting that of the six subjects showing an increase, one had auricular premature beats before and after the test; another had a history of paroxysmal auricular tachycardia and subsequently showed ventricular premature beats before and after glucose. Glucose never produced paroxysmal auricular tachycardia in this individual. Ventricular Gradients. Gradients could be measured in 62 subjects. There was no or slight change in 39. By slight change is meant an increase or decrease of less than 10 per cent. Eighteen showed an increase of more than 10 per cent, and five showed a decrease of more than 10 per cent.
The most interesting subject was F.N., who had a history of paroxysmal auricular tachycardia and who developed inversion of the T wave in multiple V leads.
The subject was a 29 year old white male who has had paroxysmal auricular tachycardia since 1951. He has had approximately 25 attacks characterized by sudden onset and less sudden cessation. Since February 1952, when he decided that anxiety brought them on, he has had only four attacks. These attacks were arrested by pressure on the carotid sinus or eye, or by the Valsalva maneuver. For the past year he has had ventricular premature beats) at the rate of about 10 per hour. On physical examination, he was found to be a short, stocky individual. His height was 6434 inches. His weight was 163 pounds. His blood pressure was 130/70 in the left arm and 155/80 in the left leg. His pulse was regular with occasional premature beats. The heart rate was 72 per minute. The apex beat was felt in the fifth intercostal space in the midelavicular line. There were no abnormal sounds or murmurs. The femoral artery pulsations were palpable bilaterally. It was noted during fluoroscopic examination that the heart was unusually mobile during respiration. The aortic knob was not prominent.
T-wave inversion in his lateral V leads was discovered during routine testing. The glucose test was done three times and a high-carbohydrate meal was given once (table 2) . On each occasion, inversion of the T waves in lateral V leads occurred ( fig. 2 ). When the tests were repeated with added potassium chloride, only minute changes occurred. No inversion was observed. On four occasions, two with added potassium chloride, potassium and glucose levels were determined. Whereas most subjects show a slight decline in plasma potassium of about 0.2 mEq. per liter, his plasma potassium changed only once. This occurred when added potassium chloride was used but this did not prevent a decrease in plasma potassium.
The subject held his breath while V leads were recorded so that respiratory factors were ruled out. Changes in frontal vector angles were insignificant in all instances. Increases in spatial vector angles occurred only twice on four occasions. Ventricular gradients were not measurable, due to parallelism of the frontal vectors, except on one occasion, where a slight decrease occurred after glucose. No consistent change of any magnitude occurred in the various forces that were measured. Nevertheless, the oral glucose was consistently effective in pro- It is known that after a meal there is a tendency for the T waves to become lower.' 2 This may be due to a sympathetic effect which decreases plasma potassium. Another explanation is that a decrease in plasma potassium is brought about by the entrance of food into the gastrointestinal tract which stimulates the secretion of insulin. The insulin iln turn stimulates the liver and skeletal muscle to deposit potassium with glycogen.3 It is known that 100 Gm. of oral glucose lowers the plasma potassium in a similar fashion.' The Effect of 100 Gm. of Oral Glucose on the Electrocardiogram. We were unable to find recent references to the effect of oral glucose on the electrocardiogram, with the exception of unpublished observations of Goldberger.3 He reported flattening of the T waves in leads I and II and in the V leads; in addition, T-wave inversion was noted in lead III in a normal young female. As one might expect, the changes were more marked than those seen after ordinary meals which contained more potassium and less carbohydrate. As has already been mentioned, these changes are attributed to insulin and the accompanying hypopotassemia. It is well known that the effects of hypopotassemia are not closely correlated with the actual plasma levels.7 The method of lowering the level must be taken into account. A redistribution of myocardial potassium produced by either a changing blood glucose level or by insulin, or both, has not been described in man.
Normal subjects and those with arteriosclerotic heart disease showed the same response to the test. Despite definite trends of T-wave lowering, no consistent changes were detected in spatial vector angles or in ventricular gradients. T-wave inversion in lateral V leads was produced by physiologic mechanisms in both normal and abnormal subjects. A highcarbohydrate meal had the same effect as 100 Gm. of oral glucose, and this effect could be prevented by the addition of 3 Gm. of potassium chloride to the meal. CONCLUSIONS 1. High-carbohydrate meals can be responsible for flattening or inversion of the T wave in bipolar leads or in any V lead. This can be prevented by potassium chloride. Failure to recognize this fact has led to a mistaken diagnosis of coronary vessel disease in four patients, two of whom were physicians.
2. The mechanism may involve redistribution of intracellular myocardial potassium, following the liberation of insulin.
3. Associated changes in vectors and in ventricular gradients are not consistent. SUMARiO EsPAROL 1. Comidas altas en hidratos de carbono pueden ser responsables del aplastamiento o inversion de las ondas T en derivaciones bipolares o en cualquier derivacion V. Esto puede ser evitado por el cloruro de potasio. No tener en cuenta este factor ha conllevado al error diagn6stico de enfermedad coronaria en cuatro pacientes, dos de los cuales eran medicos.
2. El mecanismo puede enxvolvrer la redistribucioln del potasio intracelular del miocardio, como consecuencia de la liberacion dd insulina.
3. Cambios asociados en vectores y en pendientes ventriculares no son conisisteutes.
